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(54) Fuel injector 

(57) A fuei injector comprises a valve needle (10) 
si id able in a bore and moveable under the influence of 
the fuel pressure within a control chamber (18) defined, 
in part, by a surface associated with the needle (10), 
and a piezoelectrically actuated valve controlling the 
fuel pressure within the control chamber (18). The con- 
trol chamber (1 8) may be supplied with fuel through a 
passage (46. 48) provided in the valve needle (10). 
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Description 

[0001] This invention relates to a fuel injector for use 
in supplying fuel under pressure to a cylinder of an 
associated compression ignition internal combustion 
engine. In particular, the invention relates to an injector 
suitable for use in a fuel system of the type in which an 
accumulator or common rail is charged with fuel by a 
high pressure fuel pump, a plurality of individually actu- 
able injectors being arranged to receive fuel from the 
accumulator or common rail. 

[0002] EP-A-0 767304 describes an injector suitable 
for use in such a fuel system. The injector comprises a 
valve needle which is engageable with the seating. Part 
of the valve needle is exposed to the fuel pressure 
within a control chamber, the pressure of fuel within the 
control chamber controlling movement of the needle. An 
electromagnetically actuated valve is provided to control 
the fuel pressure within the control chamber. 
[0003] It is desirable, for example where the injector is 
to be used with a four valve cylinder head, to use an 
injector of relatively small diameter. Injectors including 
electromagnetically actuated control valves are gener- 
ally of relatively large diameter as the electromagnetic 
actuators are relatively large. 

[0004] According to a first aspect of the invention 
there is provided an injector comprising a valve needle 
slidable in a bore and moveable under the influence of 
the fuel pressure within a control chamber defined, in 
part, by a surface associated with the needle, and a pie- 
zoelectricaJly actuated valve controlling the fuel pres- 
sure within the control chamber. 
[0005] The use of a piezoelectrically actuated valve 
rather than an electromagnetically actuated valve per- 
mits the diameter of the injector to be reduced as piezo- 
electric actuators of small dimensions are available. 
[0006] One disadvantage of using a piezoelectric 
actuator is that the length of the piezoelectric element 
can vary, in use, due to temperature, wear and drift by 
an amount of the same order as is achieved when an 
electric field is applied to the material, in use. In order to 
compensate for such changes, the piezoelectrically 
actuated valve conveniently comprises a valve member 
and a piezoelectric actuator, the piezoelectric actuator 
including a piezoelectric element spring biased towards 
the valve member, and a damping arrangement damp- 
ing movement of the piezoelectric element under the 
action of the spring. 

[0007] In such an arrangement, the spring causes 
movement of the piezoelectric element to compensate 
for changes in the length of the piezoelectric element, 
the damping arrangement limiting the rate at which the 
spring moves the piezoelectric element so that the rapid 
changes in length caused by applying an electric field to 
the piezoelectric element to allow movement of the 
valve member are not compensated for by the action of 
the spring. 

[0008] According to another aspect of the invention 



there is provided a fuel injector comprising a valve nee- 
dle sJidable in a bore and moveable under the influence 
of the fuel pressure within a control chamber defined, in 
part, by a surface associated with the needle, and a 
s control valve arranged to control the fuel pressure within 
the control chamber, wherein the control chamber is 
supplied with fuel through a passage provided in the 
vatve needle. 

[0009] By supplying fuel to the control chamber 
w through a passage provided in the valve needle rather 
than a passage provided in a housing within which the 
needle is slidable, the diameter of the housing, and 
hence the injector, can be reduced. 
[0010] The invention will further be described, by way 
is of example, with reference to the accompanying draw- 
ings, in which :- 

Figure 1 is a sectional view illustrating an injector in 
accordance with an embodiment of the invention; 

20 

Figure 2 is an enlargement of part of Figure 1 ; and 

Figure 3 is an enlargement of another part of Figure 
1. 

25 

[0011] The injector illustrated in the accompanying 
drawings comprises a valve needle 1 0 which is slidable 
within a bore formed in a nozzle body 12. The bore of 
the nozzle body 12 is a blind bore, and adjacent the 

30 blind end of the bore, a frusto-conical valve seating is 
formed with which an end portion of the needle 1 0 is 
engageable to control the flow of fuel, in use, past the 
seating towards a plurality of small outlet openings 14 
provided in the nozzle body 12. Partway along the 

35 length of the nozzle body 12, the bore is shaped to 
define a region of diameter substantially equal to the 
diameter of the corresponding part of the needle 10 to 
guide sliding movement of the needle 10 with respect to 
the nozzle body 12. In order to permit fuel flow along 

40 this part of the bore, the valve needle 1 0 is provided with 
flutes. If desired, the dimensions of the flutes may be 
chosen to restrict the rate at which fuel flows towards 
the seating, in use. 

[001 2] The end of the nozzle body 1 2 remote from the 
45 blind end of the bore is in screw-threaded, sealing 
engagement with a nozzle holder 16 which includes an 
axially extending through bore which is coaxial with the 
bore provided in the nozzle body 12. The valve needle 
10 extends through the bore of the nozzle holder 16, 
50 and a part of the bore of the nozzle holder 1 6 remote 
from the nozzle body 12 is of diameter substantially 
equal to the adjacent part of the valve needle 10 to 
guide sliding movement of the valve needle 10 and also 
to form a substantially fluid tight seal to restrict fuel flow 
55 between a control or spring chamber 18 defined 
between an end part of the valve needle 1 0, an end part 
of the bore of the nozzle holder 16 and a distance piece 
20 which abuts the free end of the nozzle holder 1 6, and 
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the remainder of the bore of the nozzte holder 16. 
[001 3] The distance piece 20 and a valve housing 24 
are located within a large diameter bore formed in an 
elongate actuator housing 22, the distance piece 20 and 
valve housing 24 being secured in position by being 5 
trapped in the bore by the screw-threaded engagement 
of an end of the nozzle holder 1 6 within the bore of the 
actuator housing 22. As illustrated in Figure 2, the dis- 
tance piece 20 is provided with an angled drilling 26 
which communicates with the spring chamber 1 8 and 10 
with drillings 28 provided in the valve housing 24. The 
drillings 28 communicate with an axially extending bore 
provided in the valve housing 24 within which a valve 
member 30 is slidable, the valve member 30 including a 
region of enlarged diameter arranged to engage a is 
frusto-conical seating defined around a part of the bore 
to control fuel flow between the drillings 28 and a cham- 
ber 32 defined by an enlarged diameter portion of the 
bore of the valve housing 24. The chamber 32 houses a 
spring 34 which is engaged between the valve housing so 
24 and an enlarged diameter head 30a of the valve 
member 30 to bias the valve member 30 towards a posi- 
tion in which it does not engage its seating. The cham- 
ber 32 communicates through cross-drillings 36 with a 
series of axially extending grooves 38 provided in the 25 
outer surface of the valve housing 24, the grooves 38 
communicating with similar grooves 40 provided in the 
outer periphery of the distance piece 20, the grooves 40 
communicating, in turn, with a chamber defined 
between the actuator housing 22 and the nozzle holder 30 
1 6 which communicates with a low pressure fuel reser- 
voir. The face of the distance piece 20 which abuts the 
valve housing 24 is provided with a cross-slot 42 which 
communicates with the grooves 40 and is arranged to 
provide communication between the low pressure fuel 3s 
reservoir and the lower end of the bore of the valve 
housing 24. This communication permits movement of 
the valve member 30 without generating a hydraulic 
lock. 

[0014] As illustrated in Figure 2, the spring chamber 40 
1 8 houses a spring 44 which biases the valve needle 1 0 
towards its seating. The valve needle 10 is provided 
with an axially extending drilling 46 which communi- 
cates with an angled drilling 48 both of which include 
regions of reduced diameter acting to restrict the flow of 45 
fuel through these drillings. In use, fuel is permitted to 
flow from the bore of the nozzle holder 16 through the 
drillings 46, 48 at a restricted rate to the spring chamber 
18. 

[001 5] Adjacent the connection of the nozzle holder so 
16 to the actuator housing 22, the nozzle holder 16 is 
provided with a radially extending drilling 50 which is 
arranged to receive an end of a connector 52 whereby 
fuel is supplied from a suitable source of fuel at high 
pressure, for example a common rail charged with fuel 55 
by an appropriate high pressure fuel pump, to supply 
fuel at high pressure to the bore of the nozzle holder 1 6. 
[001 6] As illustrated in Figure 3, a rod 54 engages the 



end of the valve member 30, the rod extending through 
a reduced diameter bore provided in the actuator hous- 
ing 22 and engaging an anvil member 56 mounted upon 
an end of a piezoelectric element 58. The piezoelectric 
element 58 is mounted within a piston 60 which is 
located within a large diameter bore provided in the 
actuator housing 22, the piston 60 extending from the 
end of the actuator housing 22 remote from the nozzle 
holder 16, and carrying electrical cables lor use in con- 
trolling the electric field applied to the piezoelectric ele- 
ment 58. The end of the bore of the actuator housing 22 
is closed by a screw-threaded cap 62, and a spring 64 
is engaged between the cap 62 and a shoulder defined 
by part of the piston 60, the spring 64 biasing the piston 
60, piezoelectric element 58, and rod 54 towards a posi- 
tion in which the valve member 30 engages its seating 
against the action of the spring 34. 
[001 7] O-ring seals 66 are provided between the cap 
62 and piston 60, between the cap 62 and the actuator 
housing 22, and between the actuator housing 22 and 
rod 54. The bore of the actuator housing 22 within which 
the piezoelectric element 58 is located is filled with fluid, 
and the seals 66 prevent the fluid from escaping from 
the bore, but do not restrict axial movement of the rod 
54 or piston 60. The piston 60 and bore of the actuator 
housing 22 within which the piston 60 is located 
together define a damping chamber 68 from which fluid 
is only permitted to escape at a restricted rate, the 
escaping fluid flowing between the piston 60 and actua- 
tor housing 22 to a part of the bore containing the spring 
64. The presence of the fluid within the chamber 68 lim- 
its the rate at which the piston 60 can move under the 
action of the spring 64 to a relatively low rate. 
[0018] In use, in the position illustrated, high pressure 
fuel is supplied through the connector 52 to the bore of 
the nozzle holder 1 6. Fuel at high pressure is therefore 
applied to surfaces of the needle 1 0 applying a force to 
the needle 10 acting in a direction to lift the needle 10 
from its seating. High pressure fuel is also present in the 
spring chamber 18, and the action of the fuel within the 
spring chamber 18 in combination with the action of the 
spring 44 apply a force to the valve needle 10 acting in 
a direction to move the valve needle 1 0 acting in a direc- 
tion to urge the valve needle 1 0 into engagement with its 
seating. The piezoelectric actuator is not energised, and 
the spring 64 urges the valve member 30 into engage- 
ment with its seating against the action of the spring 34. 
As the valve member 30 engages its seating, fuel is not 
permitted to escape from the spring chamber 1 8 past 
the valve member 30 and its seating to the low pressure 
fuel reservoir. The fuel pressure within the spring cham- 
ber 18 is therefore substantially equal to that within the 
bore of the nozzle holder 1 6, thus the force urging the 
valve needle 10 towards its seating is greater than that 
urging it away from its seating. The valve needle 10 
therefore occupies a position in which it engages its 
seating, and injection is not occurring. 
[0019] In order to commence injection, an electric field 
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is applied across the piezoelectric element 58, the appli- 
cation of the electric field causing the width of the piezo- 
electric element 58 to increase, and as a result, the 
piezoelectric element 58 reduces in length. The reduc- 
tion in the length of the piezoelectric element 58 is rapid, 
and although the piston 60 may move downwardly 
under the action of the spring 64 by a small amount, the 
presence of the fluid within the chamber 68 limits the 
rate at which the piston 60 can move to a sufficiently low 
rate that the spring 34 is permitted to lift the valve mem- 
ber 30 away from its seating. The movement of the 
valve member 30 permits fuel to escape from the spring 
chamber 18 thus reducing the fuel pressure applied to 
the end of the valve needle 10 located within the spring 
chamber 18. The reduction of fuel pressure within the 
spring chamber 18 permits the valve needle 10 to lift 
against the action of the spring 44, and injection com- 
mences. It will be appreciated that movement of the 
valve needle 10 away from its seating is limited by 
engagement of the end of the valve needle 10 with the 
distance piece 20. Once such engagement has 
occurred, although fuel will continue to flow through the 
passage 46 at a restricted rate to the low pressure fuel 
reservoir, the continued flow of fuel through the passage 
48 at a restricted rate to the spring chamber 18 will 
result in the fuel pressure within the spring chamber 18 
increasing. As, when the valve needle 10 occupies its 
fully lifted position, only part of the end of the valve nee- 
dle 10 is exposed to the fuel pressure within the spring 
chamber 18, the force applied to the valve needle 10 at 
this time is not sufficient to cause movement of the valve 
needle 10 towards its seating. 

[0020] In order to terminate injection, the electric field 
is no longer applied to the piezoelectric element 58, 
thus the piezoelectric element 58 returns to substan- 
tially its original length pushing the rod 54 and valve 
member 30 downward to return the valve member 30 
into engagement with its seating. Once the valve mem- 
ber 30 engages is seating, the continued flow of fuel 
through the passage 46 results in the fuel pressure, and 
hence the force, applied to the valve needle 1 0 increas- 
ing to a sufficiently high level to cause the valve needle 
10 to commence downward movement, returning into 
engagement with its seating and thus terminating injec- 
tion. As the fuel pressure within the spring chamber 1 8 
has already been increased as a result of fuel flowing 
through the passage 48, downward movement of the 
needle to terminate injection occurs rapidly, tf tine piston 
60 moved downwards during injection, then the return 
of the piezoelectric element 58 to its original length 
returns the piston 60 to its original position, displacing 
fluid back to the chamber 68. 

[0021] ff, in use, the piezoelectric element 58 changes 
in length due to. for example changes in temperature or 
as a result of wear or drift, or if the position which the 
piezoelectric element 58 must occupy in order to cause 
the valve member 30 to engage its seating changes as 
a result of. for example, wear of the valve member 30 or 



seating which the valve member 30 engages, then 
these changes are compensated for by movement of 
the piston under the action of the spring 64. The pres- 
ence of the fluid in the chamber 68 for damping move- 

5 ment of the piston 60 has little effect in compensating for 
such changes, as the changes occur relatively slowly. 
[0022] In an alternative embodiment, the seal 66 
between the rod 54 and actuator housing 22 may be 
omitted, the chamber 68 being supplied with fuel to 

w damp movement of the piston 60. The fit of the rod 54 in 
the bore of the actuator housing 22 controls the flow of 
fuel to the chamber 68 and a restricted connection 72 to 
a low pressure fuel reservoir is provided to the chamber 
within which the spring 64 is located in order to allow 

is fuel to escape between the piston 60 and the actuator 
housing 22 without pressurising the part of the bore 
containing the spring. The flow of fuel past the piston 60 
assists in bleeding bubbles from the chamber 68. In this 
embodiment, the fuel pressure around the valve mem- 

20 ber 30 is increased, and if it is desired not to pressurize 
this part of the injector, an alternative arrangement is to 
supply the chamber 68 with fuel which leaks past the 
valve member 30 towards the chamber defined by the 
cross-slot 42, through a passage 74 illustrated sche- 

25 maticatly in Figure 3. The passage 74 by-passes the 
seal 66 and communicates with an annular chamber 76 
defined between the actuator housing 22 and the rod 
54. In a further alternative, the passage 74 is provided 
to supply fuel to the chamber 68 as described hereinbe- 

30 fore, and the seal 66 is omitted. It will be appreciated 
that, in this arrangement, some fuel may flow from the 
chamber 76 towards the chamber 32. As described 
hereinbefore, the fuel in the chamber 68 acts to damp 
piston movement, fuel being displaced past the piston 

35 60 in use escaping through the connection 72 to a low 
pressure reservoir. 

[0023] In order to minimise oscillation of the piston, in 
use. the chamber 68 is conveniently of small volume, 
and no gas bubbles should be present in the fluid 

40 located with the chamber 68. The volume of the cham- 
ber 68 may be reduced by filling the space between the 
piezoelectric element 58 and piston 60 with an elasto- 
mer ic component, and in this case, bubbles of gas 
should work their way between the piston 60 and actua- 

45 tor housing 22 to the chamber housing the spring 64. 
Alternatively, where fluid can flow between the piston 60 
and the piezoelectric element 58, a plurality of small 
drillings 70 may be provided to allow bubbles to escape 
from the chamber 68. 

so [0024] Clearly, an advantage of the injector described 
hereinbefore is that the use of a piezoelectric actuator 
permits the diameter of the injector to be reduced. Fur- 
ther, the location of the passages 46, 48 in the needle 
10 rather than in the adjacent part of the nozzle holder 

55 16 permits the diameter of the injector to be reduced. 
An additional advantage of using a piezoelectric actua- 
tor is that by varying the amplitude of the voltage pulses 
applied thereto, the amount of change in the length of 
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the piezoelectric element 58 can be controlled, thus 
controlling the lift of the valve member 30 from its seat- 
ing. This has the advantage that the rate at which fuel 
can escape from the spring chamber 1 8 can be control- 
led, permitting greater control of the movement of the 5 
injector needle 10 and hence greater control of injec- 
tion. 

Claims 

10 

1. An injector comprising a valve needle (10) slidable 
in a bore and moveable under the influence of the 
fuel pressure within a control chamber (18) defined, 
in part, by a surface associated with the needle 
(10), and a piezoelectrically actuated valve (30) is 
controlling the fuel pressure within the control 
chamber (18). 

2. An injector as claimed in Claim 1 , wherein the pie- 
zoelectrically actuated valve (30) comprises a valve 20 
member (30) moveable under the control of a pie- 
zoelectric actuator (58), the piezoelectric actuator 
including a piezoelectric element (58) spring biased 
towards the valve member (30), and a damping 
arrangement damping movement of the piezoelec- 25 
trie element (58) under the action of the spring (64). 

3. An injector as claimed in Claim 2, wherein the 
damping arrangement comprises a piston member 
(60) slidable within a bore, the piston member (60) 30 
carrying the piezoelectric element (58). 

4. An injector as claimed in Claim 3, wherein fluid is 
able to flow along the bore past the piston member 
(58) at a restricted rate. 35 

5. A fuel injector comprising a valve needle (10) slida- 
ble in a bore and moveable under the influence of 
the fuel pressure within a control chamber (18) 
defined, in part, by a surface associated with the 40 
needle (10), and a control valve (30) arranged to 
control the fuel pressure within the control chamber 
(18), wherein the control chamber (18) is supplied 
with fuel through a passage (46, 48) provided in the 
valve needle (10). 45 

6. A fuel injector as claimed in Claim 5, wherein the 
passage (46, 48) includes a region of restricted 
diameter serving to limit the rate at which fuel can 
flow towards the control chamber (18). so 
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(54) Fuel injector 

(57) A fuel injector comprises a valve needle (1 0) 
slidable in a bore and moveable under the influence of 
the fuel pressure within a control chamber (1 8) defined, 
in part, by a surface associated with the needle (10), 
and a piezoelectrically actuated valve controlling the 
fuel pressure within the control chamber (18). The con- 
trol chamber (18) may be supplied with fuel through a 
passage (46, 48) provided in the valve needle (10). 
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